A Gram-stain-negative, strictly aerobic, non-spore-forming, motile, rod-shaped bacterium, designated Q-4 T , was isolated from a herbicide-contaminated soil sample in Nanyang, Henan province, China. Strain Q-4 T grew optimally in the LB medium without NaCl supplement at a pH range of 6.0-7.0 and a temperature of 30 8C. Phylogenetic analysis based on 16S rRNA gene sequences showed that strain Q-4 T was most closely related to 'Pedobacter zeaxanthinifaciens'
The family Sphingobacteriaceae belonging to the phylum Bacteroidetes was first proposed by Steyn et al. (1998) to accommodate the genera Sphingobacterium and Pedobacter. Another seven genera, Arcticibacter (Prasad et al. 2013) , Mucilaginibacter (Pankratov et al. 2007) , Nubsella (Asker et al. 2008) , Olivibacter (Ntougias et al. 2007) , Parapedobacter (Kim et al. 2007) , Pseudosphingobacterium (Vaz-Moreira et al. 2007) and Solitalea (Weon et al. 2009 ) have since been proposed. The genus Nubsella was documented by Asker et al. (2008) with only one species named Nubsella zeaxanthinifaciens, which was recommended to be transferred to the genus Pedobacter by Kim et al. (2013) as 'Pedobacter zeaxanthinifaciens'; this name is not yet validly published.
The genus Pedobacter was first proposed by Steyn et al. (1998) with four species Pedobacter heparinus, Pedobacter piscium, Pedobacter africanus and Pedobacter saltans. Members of the genus Pedobacter share the common characteristics of being Gram-stain-negative, non-motile or motile by gliding, strictly aerobic, rod-shaped, oxidase-and catalase-positive, and negative for urease activity, indole production and nitrate reduction (Margesin & Zhang, 2013) . MK-7 is the dominant menaquinone. The DNA G+C content stayed at a range of 36-47.5 mol% (Kook et al., 2014) . The major polar lipid in all tested species is phosphatidylethanolamine (Zhou et al., 2012) . At the time of writing, the genus Pedobacter comprises 51 recognized species, most of which have been isolated from soil, manure, compost and some extreme environments such as glacial cryoconite and glacial water (Qiu et al., 2014) . In this study, the isolation and taxonomic characterization of strain Q-4 T belonging to the genus Pedobacter is described.
During a project to investigate bacterial diversity from fomesafen (a weedkiller)-polluted farmland soil (328 589 N 1128 319 E) in Nanyang city, Henan province, China, a yellow-pigmented bacterial strain, designated Q-4 T , was isolated. The soil sample for the isolation was diluted 10-fold using sterilized water, spread on LB (Difco) agar and incubated at 30 8C for 4 days. The single colony was picked and further purified by several restreakings. The pure culture of strain Q-4
T was preserved at 280 8C in LB broth (Difco) supplemented with 15 % (v/v) glycerol.
Genomic DNA was extracted according to the method described by Ausubel et al. (1995) . The 16S rRNA gene was obtained by PCR amplification using the primer pair 27f/1492r (Lane, 1991; Marchesi et al., 1998) . PCR amplification was carried out in a total volume of 50 ml containing 1 ml template DNA (50-100 ng), 0.5 ml Taq DNA polymerase (3 U ml 21 ), 5 ml 106Taq buffer, 3 ml dNTP mixture (2.5 mM) and 1 ml each of the forward and reverse primers (25 mM) and brought to a final volume of 50 ml using double-sterilized distilled water. The amplified PCR products were cloned into the pMD18-T vector (Takara), transformed into competent Escherichia coli DH5a cells and sequenced using an automated sequencer (model 3730; Applied Biosystems). Comparison of the 16S rRNA gene sequences was achieved using the EzTaxon-e server (Kim et al., 2012) . All 16S rRNA gene sequences were aligned using CLUSTAL X software (Thompson et al., 1997) . Phylogenesis was analysed with the MEGA 6.0 software package (Tamura et al., 2013) and distances were calculated using Kimura's two-parameter distance model (Kimura, 1980) . Phylogenetic trees were reconstructed using the neighbour-joining (Saitou & Nei, 1987) , maximum-parsimony (Fitch, 1971) and maximum-likelihood (Felsenstein, 1981) methods with bootstrap analysis based on 1000 replications. Subtree-Pruning-Regrafting (search level51, random additions510) was applied in the maximum-parsimony analysis. Nearest-Neighbour-Interchange with very strong branch swap filter was applied in the maximum-likelihood analysis, and the initial tree was reconstructed automatically (Default-NJ/BioNJ).
An almost-complete 16S rRNA gene sequence (1443 bp) of strain Q-4 T was obtained using the PCR primer pair described above. Phylogenetic trees were reconstructed based on the alignment of sequences of the other species of the genus Pedobacter, together with that of Bacteroides caccae ATCC 43185 T , which was included as an outgroup. As shown in the neighbour-joining tree based on 16S rRNA gene sequences ( Fig. 1) , strain Q-4 T was clustered with 'Pedobacter zeaxanthinifaciens' TDMA-5, and formed a separate branch supported by a bootstrap value of 100 %, indicating that strain Q-4 T was affiliated to the genus Pedobacter and probably represented a novel species. Sequence comparisons based on the 16S rRNA gene showed that the sequence of strain Q-4 T had the highest similarity to 'P. zeaxanthinifaciens' TDMA-5 (97.4 % 16S rRNA gene sequence similarity), followed by Pedobacter xixiisoli S27 T (95.8 %) and 'Pedobacter namyangjuensis' 5G38 (94.6 %). The maximum-parsimony and maximumlikelihood trees showed similar tree topologies, which gave strain Q-4 T the same taxonomic status (Figs S1 and S2, available in the online Supplementary Material).
For morphological, biochemical and physiological analysis, strain Q-4 T and 'P. zeaxanthinifaciens' TDMA-5 were cultured on LB agar or in LB broth at 30 8C. Cell morphology was determined using a transmission electron microscope (model H-7650; Hitachi) with cells collected from a 12 h culture. Gram staining was performed using the method described by Beveridge et al. (2007) . Acid production from various carbohydrates, production of H 2 S, nitrate reduction, indole production and hydrolysis of aesculin, urea and gelatin were performed using the API 20NE, API 20E and API 50CH kits (bioMérieux), replicated three times. The oxidase reaction was tested using oxidase reagent (bioMérieux) according to the instructions of the manufacturer. Catalase activity was recorded by observation of bubble formation after adding H 2 O 2 to fresh biomass grown for 24 h in LB broth. Hydrolysis of casein, starch, Tween 80 and DNA were carried out according to described methods (Smibert & Krieg, 1994; Reichenbach, 1992) . The production of flexirubin-type pigments was tested (KOH method) as described by Bernardet et al. (2002) . Strain Q-4 T was incubated in an anaerobic triangular flask to test whether the isolate could grow without oxygen. The pH range (pH 3.0-11.0 at intervals of 1.0 pH unit) for growth was determined in LB broth buffered with HCl or NaOH. Tolerance to NaCl was tested in modified LB medium containing 0-11 % (w/v) NaCl in increments of 1.0 %. The temperature range for growth was tested using LB broth under various temperatures (4, 10, 18, 20, 23, 25, 30, 35, 37 and 42 8C) .
Cells of strain Q-4
T were strictly aerobic, motile, Gram-stainnegative rods (approximately 0.5-0.9 mm in diameter and 1.6-2.3 mm in length when cultured on LB agar at 30 8C for 12 h) (Fig. S3) . Colonies on LB agar were circular, smooth, bright yellow and 1.0-1.5 mm in diameter after incubation for 2 days at 30 8C. Positive results for oxidase, catalase and Voges-Proskauer reaction, negative results for arginine dihydrolase activity, lysine decarboxylase, ornithine decarboxylase, citrate utilization, hydrogen sulphide production, urease, tryptophan deaminase and indole production. Growth occurred at 20-35 8C (optimum 30 8C), pH 6.0-8.0 (optimum pH 6.0-7.0) and in the presence of 0-1 % NaCl (optimum 0 %). According to the data collected from the API 20NE strips, hydrolysis of aesculin and b-galactosidase activity were positive, while hydrolysis of gelatin, nitrate reduction and glucose fermentation were negative. Strain Q-4 T could utilize capric acid, adipic acid, gluconate and trisodium citrate. Acid was produced from galactose, sucrose and L-fucose, but not from salicin. Hydrolysis of casein, DNA and starch are negative. The different phenotypic and biochemical characteristics between the strain Q-4 T and 'P. zeaxanthinifaciens' TDMA-5 are listed in Table 1 and the species description.
For this study, if not mentioned otherwise, bacteria were inoculated into LB broth and cultivated at 30 8C. Exponential phase cells were utilized for the extraction of respiratory quinones, DNA, fatty acids and polar lipids. Cells were collected by centrifugation, washed three times using sterilized ultrapure water and freeze-dried. Respiratory quinones were extracted according to the method of Collins et al. (1977) and detected by HPLC.Fatty acid profiles were determined according to the instructions of the Sherlock Microbial Identification System (MIDI). The GC model was Agilent Technologies 7890A GC System configured with an Agilent gas phase capillary column (0.2 mm625 m, ultra 25 % Phenyl Methyl Silox). The fatty acid methyl esters mixture obtained by saponification, methylation and extraction, was separated in the gas chromatograph. The results were analysed by the MIDI Sherlock version 6.1. Analysis of the polar lipids by two-dimensional TLC was carried out by the Identification Service of the Leibniz-Institut Deutsche Sammlung von Mikroorganismen und Zellkulturen (DSMZ; Braunschweig, Germany). The DNA G+C content was determined by reversed-phase HPLC using methyl alcohol/isopropyl alcohol (2 : 1, v/v) as the solvent and a flow rate of 1.0 ml min 21 according to Mesbah et al. (1989) . DNA-DNA hybridizations were performed by the initial renaturation rate method (De Ley et al., 1970; Dong et al., 2000) .
Strain Q-4
T and 'P. zeaxanthinifaciens' TDMA-5 were cultured under the same conditions. Differences in fatty acids between the two strains are shown in Table 2 . The major fatty acids of strain Q-4 T , were iso-C 15 : 0 , iso-C 17 : 0 3-OH, C 16 : 1 v6c and/or C 16 : 1 v7c (summed feature 3) and C 16 : 1 v7c/C 16 : 1 v6c (summed feature 3). The predominant respiratory quinone of strain Q-4 T was MK-7. Strain Q-4 T contained phosphatidylethanolamine and phosphoaminolipid as the major polar lipids and one phospholipid, five aminolipids, two glycolipids and four unknown lipids (Fig. S4) . The DNA G+C content of strain Q-4 T was 41.8 mol%, in agreement with values of 36-47.5 mol% for the family Sphingobacteriaceae (Kook et al., 2014) (Table 1 ). The DNA-DNA relatedness value between strain Q-4 T and 'P. zeaxanthinifaciens' TDMA-5 was 21.4¡0.6 %, which is much lower than the value of 70 % that is commonly accepted for the definition of a novel bacterial species (Stackebrandt & Goebel, 1994) .
On the basis of the 16S rRNA gene sequence data, the DNA-DNA relatedness data, chemotaxonomic
Pedobacter agri PB92 T (AJLG01000244)
Pedobacter ginsenosidimutans THG-45 T (GU138374)
Pedobacter alluvionis NWER-II11 T (EU030688)
Pedobacter roseus CL-GP80 T (DQ112353)
Pedobacter terrae DS-57 T (DQ889723)
Pedobacter suwonensis 15-52 T (DQ097274)
Pedobacter sandarakinus DS-27 T (DQ235228)
'Pedobacter jeongneungensis' BH45 (HQ621857)
Pedobacter kyungheensis THG-T17 T (JN196132)
Pedobacter soli 15-51 T (AM279215)
Pedobacter rhizosphaerae 01-96 T (AM279214)
Pedobacter aquatilis AR107 T (AM114396)
'Pedobacter yonginense' HMD1002 (GQ225687)
Pedobacter boryungensis BR-9 T (HM640986)
Pedobacter insulae DS-139 T (EF100697)
Pedobacter koreensis WPCB189 T (DQ092871)
Pedobacter ginsengisoil Gsoil 104 T (AB245371)
Pedobacter westerhofensis WB 3.3-22 T (AM491369)
Pedobacter heparinus DSM 2366 T (CP001681)
Pedobacter africanus DSM12126 T (AJ438171) Pedobacter duraquae WB 2.1-25 T (AM491368)
Pedobacter nutrimenti J22 T (HF536497)
Pedobacter panaciterrae Gsoil 042
Pedobacter arcticus A12 T (AKZJ01000016)
Pedobacter terricola DS-45 T (EF446147)
Pedobacter daechungensis Dae13 T (AB267722)
Pedobacter lentus DS-40 T (EF446146)
Bacteroides caccae characteristics, and biochemical, physiological and phylogenetic analysis, strain Q-4
T is considered to represent a novel species of the genus Pedobacter, for which the name Pedobacter Pedobacter nanyangensis sp. nov. is proposed.
Description of nanyangensis sp. nov
Pedobacter nanyangensis (nan.yang.en9sis. N.L. masc. adj. nanyangensis referring to Nanyang in Henan province, China, the area from where the type strain was isolated).
Cells are strictly aerobic, motile, Gram-stain-negative rods (approx. 0.5-0.9 mm in diameter and 1.6-2.3 mm in length when cultured on LB agar at 30 uC for 12 h) (Fig. S1 ). Colonies on LB agar are circular, smooth, bright yellow and 1.0-1.5 mm in diameter after incubation for 2 days at 30 uC. Oxidase, catalase, hydrolysis of Tween 80 and Voges-Proskauer reaction are positive. Arginine dihydrolase activity, lysine decarboxylase, ornithine decarboxylase, citrate utilization, hydrogen sulphide production, urease, tryptophan deaminase and indole production are negative. Growth occurs at 20-35 uC (optimum 30 uC), pH 6.0-8.0 (optimum pH 6.0-7.0) and in the presence of 0-1 % NaCl (optimum 0 %). According to the data collected from the API 20NE strips, hydrolysis of aesculin and bgalactosidase activity are positive, while hydrolysis of gelatin, nitrate reduction and glucose fermentation are negative. Utilizes capric acid, adipic acid, gluconate and trisodium citrate. Produces acid from galactose, cellobiose, maltose, lactose, sucrose, starch, glycogen, gentiobiose, L-fucose and aesculin, but not from salicin, glycerol, erythritol, L-arabinose, D-arabinose, ribose, D-xylose, adonitol, L-xylose, methyl b-Dxyloside, glucose, fructose, mannose, sorbose, rhamnose, dulcitol or inositol. Negative for hydrolysis of agar, casein, DNA and starch, anaerobic growth, and flexirubin-type pigments. The major fatty acids are iso-C 15 : 0 , iso-C 17 : 0 3-OH, C 16 : 1 v6c and/or C 16 : 1 v7c (summed feature 3) and C 16 : 1 v7c/C 16 : 1 v6c (summed feature 3). The predominant respiratory quinone is MK-7. The polar lipids consist of phosphatidylethanolamine, phosphoaminolipid, one phospholipid, five aminolipids, two glycolipids and four unknown lipids.
The type strain, Q-4 T ( 5 KCTC 42442 T 5 ACCC 19798 T ), was isolated from a polluted farmland soil in Nanyang city, Henan province, China. The DNA G+C content of the type strain is 41.8 mol%. 
